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This study evaluated the performance of gated single photon emission computed tomography (SPECT) with
thallium-201 (201Tl) in assessing left ventricular ejection fraction (LVEF), end-diastolic volume (EDV), and
end-systolic volume (ESV) in Taiwanese by determining repeatability and correlation with two-dimensional
(2D) echocardiography. A total of 18 patients underwent two sequential gated SPECT acquisitions within
30 minutes in the resting state to assess repeatability. Another 28 patients who underwent gated SPECT and
2D echocardiography within 7 days were included for comparison. The two sequential measurements
were well correlated with respect to LVEF, EDV, and ESV (r = 0.97, 0.95, and 0.97, respectively, all p < 0.0001).
Bland-Altman analysis revealed that two standard deviations of the absolute difference between the two
sequential measurements for LVEF, EDV, and ESV were 6.4%, 16.8 mL, and 8.6 mL, respectively. For LVEF,
EDV, and ESV, correlations between redistribution 201Tl-gated SPECT and echocardiography were also excellent
(all r = 0.83, p < 0.0001). LVEF was similar with 201Tl-gated SPECT and echocardiography, but EDV and
ESV were significantly higher with echocardiography (p < 0.05). Our study revealed that 201Tl-gated SPECT
has high repeatability and excellent correlation with echocardiography for the assessment of LVEF and
volumes in Taiwanese. These results support the clinical application of gated SPECT in routine 201Tl myocardial
perfusion imaging in Taiwanese.
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Myocardial perfusion scans have an important role in the
diagnosis and risk stratification of coronary artery disease
(CAD). The development of electrocardiography (ECG)-
gated single photon emission computed tomography
(SPECT) enables the simultaneous assessment of myocardial
perfusion and function with a single imaging modality.
Gated SPECT (GS) is now the standard for myocardial
perfusion imaging in the USA [1], but it has not been
adopted in the nuclear medicine routine of most hospitals
in Taiwan.
In comparison with technetium-99m (99mTc)-labeled
tracers, thallium-201 (201Tl) has some physical drawbacks,
including lower photon energy, longer half-life, and limited
injection dose. However, 201Tl remains the most widely used
tracer for myocardial perfusion imaging in Taiwan because
it only requires a single injection for stress-rest protocols,
has a lower cost, a lower radiation burden to nuclear medicine
personnel, and a better ability to assess myocardial viability.
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Although GS was initially validated using 99mTc-labeled
tracers, later studies demonstrated that it could be performed
to assess left ventricular function equally well using 201Tl-
and 99mTc-labeled tracers [2–4]. However, some studies
have found that 201Tl provides limited reproducibility (or
repeatability) [5,6]. Lee et al suggested that the poorer
reproducibility with 201Tl is due to lower counts [5]. There
are no published data for validating the application of 201Tl-
GS in Taiwanese populations.
In this study, the design of the imaging protocol was
modified according to previous publications and mainly
aimed toward higher count statistics. The performance of
201Tl-GS in assessing left ventricular ejection fraction (LVEF),
end-diastolic volume (EDV), and end-systolic volume (ESV)
was re-evaluated by determining repeatability and the
correlation with two-dimensional (2D) echocardiography.
PATIENTS AND METHODS
Patients
Eighteen randomly selected patients referred for routine
201Tl dipyridamole-stress/redistribution myocardial per-
fusion imaging for evaluation and risk stratification of CAD
were included in the repeatability study (Table 1). Another
28 consecutive patients referred for routine myocardial
perfusion imaging underwent both 201Tl-GS and 2D-
echocardiography within 7 days (3 ±  2 days) and were
included for comparison. There was no significant change
in clinical status between 201Tl-GS and echocardiography
studies (Table 1).
Dipyridamole infusion protocol
Patients fasted for at least 4 hours and were asked to abstain
from caffeinated foods and beverages and medications
containing methylxanthine for 24 hours. Dipyridamole was
administered intravenously at a rate of 0.14 mg/kg/min for
4 minutes and 111 MBq of 201Tl was injected 3 minutes after
the end of the dipyridamole infusion. Blood pressure and
heart rate were recorded every minute. Aminophylline was
given to patients suffering from major side effects (chest
pain, dyspnea, or ST depression).
Gated SPECT acquisition and processing protocols
Post-stress and redistribution GS were performed in a
supine position 5 minutes and 4 hours after 201Tl injection,
respectively, using a dual-head gamma camera (Millennium
MG, GE, Haifa, Israel) equipped with a low-energy, general-
purpose collimator. Thirty-two projections, with 70 s of
data collection per projection, were obtained over a 180° arc
extending from the 45° right anterior oblique to the 45° left
posterior oblique position. A 20% window was centered
over the 72 and 167 keV 201Tl photopeaks. Acquisition was
synchronized using ECG with an acceptance window of
20%, and each projection was divided into eight images per
cardiac cycle. The projection images were acquired into
64 × 64 matrices with a 1.60 acquisition zoom and were re-
constructed using filtered back projection with a Butter-
worth filter (order, 10; cut-off frequency, 0.45 cycle/pixel).
Gated data were processed with automated software
(QGS, Cedars-Sinai Medical Center, Los Angeles, CA, USA)
[7]. LVEF, EDV, and ESV were calculated.
Repeatability and reproducibility
After the 4-hour redistribution scan, a repeated acquisition
was performed in the same position within 30 minutes to
assess repeatability. To determine inter- and intra-observer
reproducibility of the functional variables generated by the
QGS software, the raw data were processed by two tech-
nicians and then by one technician twice.
Table 1. Patient characteristics
Repeatability study (n = 18) Comparison study (n = 28)
Age, yr (range) 62 ±  10 (41–74) 69 ±  12 (40–88)
Female gender, n (%) 5 (29) 12 (43)
Hypertension, n (%) 10 (59) 18 (64)
Diabetes mellitus, n (%) 1 (6) 12 (43)
Hyperlipidemia, n (%) 6 (35) 7 (25)
History of infarction, n (%) 4 (24) 1 (4)
History of PTCA, n (%) 3 (18) 1 (4)
History of CABG, n (%) 1 (6) 0
PTCA = percutaneous transluminal coronary angioplasty; CABG = coronary artery bypass surgery.
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Echocardiography
2D echocardiography was performed in the resting state
with standard short-axis, apical, and parasternal views.
LVEF was estimated using Simpson’s rule [8].
Statistical analysis
Continuous variables are expressed as mean ± standard
deviation (SD) and tested using Student’s t test. Repeatability
was assessed using Bland-Altman analysis. Inter- and intra-
observer reproducibility was represented by Pearson’s
correlation coefficient, and standard error of the estimate was
obtained from linear regression analysis. The correlations
between groups were also assessed by linear regression
analysis. A p of less than 0.05 was considered significant.
RESULTS
Repeatability and reproducibility
There was no significant difference between LVEF, EDV,
and ESV measured using post-stress, redistribution and
repeated redistribution 201Tl-GS in the 18 experimental
patients (Table 2).
Bland-Altman analysis of LVEF, EDV, and ESV measured
using redistribution and repeated redistribution GS are
shown in Figure 1. Calculated 2 SDs of the absolute difference
between the two sequential measurements for LVEF, EDV,
and ESV were 6.4%, 16.8 mL, and 8.6 mL, respectively. Table
3 compares the repeatability of GS for assessment of LVEF,
EDV, and ESV in this and previous studies [5,6,9,10].
Inter- and intra-observer reproducibility are shown in
Table 4.
Comparison study with echocardiography
LVEF, EDV, and ESV assessed using post-stress and
redistribution 201Tl-GS and using echocardiography in the
Table 2. Left ventricular ejection fraction (LVEF), end-
diastolic volume (EDV), and end-systolic volume (ESV)
estimated using 201Tl-gated single photon emission
computed tomography at post-stress (PS), redistribution
(RD), and repeated RD imaging
PS RD Repeated RD
LVEF (%) 62 ±  14 62 ±  13 62 ±  12
EDV (mL) 66 ±  25 68 ±  25 69 ±  26
ESV (mL) 27 ±  16 27 ±  17 29 ±  18
There were no significant differences.
Figure 1. Bland-Altman plot of values measured at redistribution (RD)
and repeated RD for: (A) left ventricular ejection fraction (LVEF);
(B) end-diastolic volume (EDV); (C) end-systolic volume (ESV). The x-
axis indicates the mean of values estimated by RD and repeated RD
imaging and the y-axis indicates the difference between the two
measurements. The central solid line indicates the mean difference and
the two dotted lines are drawn at the mean difference ± 1.96 × standard
deviation of the differences.
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28 comparison patients are summarized in Table 5. The
correlations between redistribution 201Tl-GS and
echocardiography were excellent for LVEF, EDV, and ESV,
with Pearson’s correlation coefficients of 0.87, 0.86, and
0.94, respectively (all p < 0.0001) (Figure 2). There was no
significant difference between LVEF assessed by
redistribution 201Tl-GS and by echocardiography. However,
the EDV and ESV assessed by echocardiography were both
significantly larger than those determined using
redistribution 201Tl-GS imaging (p < 0.05).
Comparison of post-stress and redistribution
201Tl-GS
There were excellent correlations between post-stress and
redistribution 201Tl-GS for LVEF, EDV, and ESV in the 28
comparison patients (r = 0.88, 0.95 and 0.98, respectively; all
p < 0.0001) (Figure 3).
No significant difference was noted between post-stress
GS and redistribution GS in the assessment of LVEF, EDV
and ESV (Table 5). Patients were further divided into three
groups according to the change in LVEF (∆LVEF) between
post-stress and redistribution 201Tl-GS. The cutoff value was
defined as 6%, since 2 SDs of the absolute difference between
repeated measurements was 6.4%. Five of 28 patients had
significantly increased LVEF (∆LVEF ≥ 6%) on post-stress
compared with redistribution imaging (11.4 ± 6.1%; range,
7–22%), seven had significantly decreased LVEF (∆LVEF ≤
–6%; –9.9 ±  4.1%; range, –6% to –16%) and, in 16, the
difference was within 6% (0.8 ± 3.6%).
Examples of perfusion and functional images of 201Tl-GS
are shown in Figures 4 and 5.
Table 3. Repeatability of gated single photon emission computed tomography represented by 2 standard deviations of the
absolute difference between the two measurements to assess left ventricular ejection fraction (LVEF), end-diastolic volume
(EDV), and end-systolic volume (ESV) in this and previous studies
Tracer [Reference] LVEF (%) EDV (mL) ESV (mL)
201Tl [Present Study] 6.4 16.8 8.6
201Tl [5] 12.0 29.0 19.0
201Tl [6] 10.3 24.1 18.6
99mTc-MIBI [5] 5.3 14.0 11.0
99mTc-MIBI [6] 5.5 14.1 9.4
99mTc-MIBI [9] 5.2 NA
99mTc-tetrofosmin [10] 5.8 NA
NA = not available.
Table 4. Inter- and intra-observer reproducibility of 201Tl-
gated single photon emission computed tomography for
assessment of left ventricular ejection fraction (LVEF), end-
diastolic volume (EDV), and end-systolic volume (ESV)
LVEF EDV ESV
Inter-observer
r 0.99* 0.98* 0.99*
SEE 1.50 4.89 1.55
Intra-observer
r 0.99* 0.96* 0.98*
SEE 2.35 7.18 3.44
*p < 0.0001. r = Pearson’s correlation coefficient; SEE = standard
error of the estimate.
Table 5. Left ventricular ejection fraction (LVEF), end-diastolic volume (EDV), and end-systolic volume (ESV) calculated at
post-stress (PS) and redistribution (RD) gated single photon emission computed tomography (GS) and rest echocardiography
(EC) (n = 28)
Rest EC PS GS RD GS p* p†
LVEF 55.9 ±  16.1 53.9 ±  17.4 53.9 ±  16.0 0.1954 0.9816
EDV 91.4 ±  47.6 71.2 ±  43.3 75.2 ±  41.2 < 0.005 0.1138
ESV 44.9 ±  40.7 37.3 ±  37.8 38.9 ±  37.2 < 0.05 0.1953
*Rest EC vs RD GS; †PS GS vs RD GS.
NA
NA
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Figure 2. Correlations of redistribution (RD) 201Tl-gated single photon
emission computed tomography (GS) and two-dimensional echo-
cardiography (2D EC) for the estimation of: (A) left ventricular ejection
fraction; (B) end-diastolic volume; (C) end-systolic volume.
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Figure 3. Correlations of post-stress (PS) and redistribution (RD) 201Tl-
gated single photon emission computed tomography (GS) for the
estimation of: (A) left ventricular ejection fraction; (B) end-diastolic
volume; (C) end-systolic volume.
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Figure 4. A myocardial perfusion image obtained using 201Tl-gated single photon emission computed tomography in a 79-year-old man who had
suffered from intermittent chest pain for 1 month. Chest tightness and dyspnea developed during dipyridamole infusion and oxygen was given first.
After injection of 201Tl, 62.5 mg of aminophylline was slowly infused and the discomfort quickly resolved. The perfusion images show mildly reversible
perfusion abnormalities involving the apex and apical anterior wall. Transient left ventricular dilation is also evident.
DISCUSSION
The most important factor for image quality is the number
of counts in individual frames when either 99mTc-sestamibi,
99mTc-tetrofosmin, or 201Tl is used as the tracer in GS [11].
Count statistics can be influenced by numerous factors,
including injected dose, acquisition time, patient size, camera
sensitivity, collimator, number of frames, and count accep-
tance criteria. To obtain higher count statistics, we used a
low-energy general-purpose collimator (rather than a low-
energy high-resolution one) and longer acquisition time
(70 s per view). In addition, 8-frame gating (rather than
16 frames per cardiac cycle) was used for better image count
statistics. Although the cardiac cycle may be more accurately
described with 16-frame gating, Germano et al found that
there was excellent agreement between the LVEF values
measured using 16- and 8-frame GS (r = 0.988, p < 0.001) and
this relationship was uniform over a wide LVEF range [7].
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GS is currently performed using a step-and-shoot
technique and results in dead time during the detector
rotation, which lengthens the scanning time. According to
Germano et al [12], LVEF values are essentially unchanged
and the perfusion images are visually indistinguishable
between 60- and 30-view images. They concluded that 30-
view GS is a practical, accurate, and time-saving approach
in standard gated protocols. Because the acquisition time
(70 s/view) was longer in our study, we used 32-view
imaging to save total imaging time.
A limitation of current GS software is overestimation of
LVEF and underestimation of ESV in small ventricles [13,
14]. This problem might be bigger for Eastern populations.
We found that our patients had smaller EDV and ESV in
both post-stress and redistribution GS than those in stud-
ies of Western populations [3,15]. To reduce the influence
of small ventricles, a larger acquisition zoom has been
suggested [6]. In this study, we used a zoom factor of 1.60,
which is larger than that suggested by the original developer
of the QGS program (1.30–1.40) [16].
In our protocols, the repeatability of 201Tl-GS for LVEF
measurement was much better than in previous studies
using 201Tl as the tracer in GS, and was similar to those using
99mTc-labeling agents (99mTc-MIBI and 99mTc-tetrofosmin)
(Table 3). The inter- and intra-observer reproducibility
were both excellent, as in previous studies [15,17,18]. These
results imply that the evaluation of functional changes
between serial studies, such as post-stress and redistribution
imaging, using 201Tl-GS is feasible. 201Tl-GS allows an earlier
Figure 5. A left ventricular functional
image (solid color = end-systolic; wire-
grid = end-diastolic) from the same
patient as Figure 4. The post-stress
(PS) and redistribution (RD) left
ventricular ejection fraction were
62% and 70%, respectively. The end-
diastolic volume and end-systolic
volumes were 58 and 25 mL for PS and
51 and 16 mL for RD, respectively.
Worsening of regional wall motion after
dipyridamole-stress was observed in
the apex, apical-mid anterior wall,
septum, and apical inferior wall. These
findings suggest ischemic stunning.
Coronary angiography revealed 60%
stenosis in the left main coronary artery,
95% stenosis in the left anterior
descending coronary artery, and 70%
stenosis in the right coronary artery.
start to scanning after stress than 99mTc-tracers and may be
more suitable for detecting stress-induced functional
changes. In five of the 28 patients in our study, the LVEF at
post-stress imaging was significantly higher than that at
redistribution imaging. Since dipyridamole is a potent
vasodilator and usually causes increased heart rate,
increased cardiac output, and decreased blood pressure
[19], the increase in LVEF should be secondary to enhanced
sympathetic reflex response [20]. Seven patients had
significantly lower LVEF on post-stress than redistribution
imaging, and this might be related to ischemic stunning [9].
Although dipyridamole is a vasodilator, augmenting blood
flow gradients between diseased and normal vessels to
detect coronary artery lesions, it occasionally causes
myocardial ischemia by coronary steal [21].
Although the correlations for LVEF, EDV, and ESV
between redistribution 201Tl-GS and echocardiography were
all excellent, the EDV and ESV at 201Tl-GS were significantly
lower than those on echocardiography. The underestimation
of EDV and ESV may have resulted from more cases with
small ventricles in our study. Previous investigations that
validated GS volume measurements with angiographic
methods found that GS could underestimate small volumes
and somewhat overestimate large volumes [22,23]. In our
study, LV sizes were obviously smaller than those in pre-
vious studies in Western populations [3,15]. It seemed
that the measurement of volume ratios (e.g. LVEF) was
more accurate than measurement of the volumes themselves.
In conclusion, our preliminary results show that good
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repeatability and excellent reproducibility can be achieved
in the assessment of LV function and volumes using 201Tl-
GS with nearly totally automatic QGS software. These
assessments were well correlated with traditionally used
2D echocardiography. Unlike echocardiography, which is
more operator-dependent and labor intensive, GS is
automatic, objective, and fast. With the advantages of
providing perfusion and functional information in a single
imaging session, we suggest routine incorporation of GS in
201Tl myocardial perfusion imaging.
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